Background/Aims: Nonalcoholic steatohepatitis includes steatosis along with liver inflammation, hepatocyte injury and fibrosis. In this study, we investigated the protective role and the potential mechanisms of a traditional Chinese medicine ShenFu (SF) preparation in an in vitro hepatic steatosis model. Methods: In palmitic acid (PA)-induced murine hepatic AML12 cell injury, effects of SF preparation on cellular apoptosis and intracellular triglyceride (iTG) level were assessed using TUNEL and TG Colorimetric Assay. Reactive oxygen species (ROS) and mitochondrial membrane potential (MMP) levels were measured using DCF and JC-1 assay. Cytokine levels were evaluated using ELISA assay. Immunoblot was used to compare the activation level of c-Jun N terminal kinase (JNK), NADPH oxidase (Nox4), and NFκB pathways. Results: Addition of SF preparation prevented PA-mediated increase of apoptosis and iTG as well as IL-8 and IL-6. In PA-treated cell, SF preparation reduced the level of Nox4 and ROS, while increasing the level of MMP and the expression of manganese superoxide dismutase (MnSOD) and catalase, indicating emendation of mitochondrial dysfunction. Nox4 inhibitor GKT137381 prevented PA-induced increase of ROS and apoptosis, while decreasing iTG slightly and not influencing the level of IL-8 and IL-6. SF preparation prevented PA-induced upregulation of phospho-JNK. JNK inhibitor SP600125 prevented PA-mediated increase of Nox4, IL-8, IL-6 and iTG. Nuclear translocation of NFκB/p65 was detected in PA-treated cells, which was prevented by SF preparation. An IκB degradation inhibitor, BAY11-7082, prevented PA-induced increase
Introduction
Nonalcoholic steatohepatitis (NASH), a common liver disease throughout the world, is characterized by micro/macro-vesicular steatosis along with liver inflammation, hepatocyte injury and fibrosis [1] . Nevertheless, the pathogenesis of NASH is still elusive. Accumulation of lipids, particularly triacylglycerol, in hepatocytes is a key pathogenic event in the development of NASH which causes lipid toxicity, inducing hepatic injury and promoting inflammation [1 -3] . In hepatocytes, an important source for triacylglycerol synthesis is circulating free fatty acids (FFA) [4] . Palmitic acid (PA) makes up a majority of FFA in triacylglycerol [5] . In NASH patients, elevated PA levels are observed [4, 5] . Aberrant apoptosis is a common feature of NASH and is related to the progression of liver fibrosis [6 -8] . It was reported that in NASH, excessive hepatocyte apoptosis stimulates the production of several pro-inflammatory cytokines such as IL-1, IL-6, IL-8 and TNFα both in innate immune cells and hepatocytes inducing unresolved hepatocytic inflammation [7] . Mitochondrial dysfunction involves the regulation of apoptosis by releasing some mitochondrial intermembrane space proteins such as cytochrome c, endonuclease G, and apoptosis-inducing factor [9] . Subsequently, cytosolic cytochrome c activates a multiprotein complex, which in turn results in cleavage of procaspase 9 and downstream effector caspase 3, leading to cell death [9] . Mitochondrial damage was found both in in vitro hepatocyte injury and in murine hepatotoxicity fibrosis models [10, 11] . It is important to reveal the molecular mechanisms of hepatocyte injury in NASH and find effective drugs to prevent and/or treat it.
In this study, we investigated the protective role and the potential mechanisms of ShenFu (SF) preparation in PA-induced murine hepatic AML12 cell injury, an in vitro hepatic steatosis model [12] . SF preparation, a modern Chinese medicine preparation, was developed from a traditional formulation "ShenFu decoction" that consists of red ginseng (steamed roots of Panax ginseng) and aconite (processed lateral roots of Aconitum carmichaeli) [13] . SF preparation is prepared by using countercurrent extraction and macroporous resin adsorption chromatography. In China, SF preparation is commonly used in clinical practice for the treatment of septic shock and ischemic diseases and has been shown to have a beneficial role against ischemic-reperfusion injuries on many organs including the brain, spinal cord, kidneys, intestines, liver and heart [14, 15] . Recently, it was reported that SF preparation has obviously protective effects on cardiomyocytes against apoptosis by inhibition of downregulation of Bcl-2 and sequential activation of caspase 3 [15] . Here, we provide key evidence in PA-treated AML12 cell, i) induction of mitochondrial NADPH oxidase (Nox4) by overactivated JNK signaling leading to mitochondrial dysfunction and oxidative stress, being responsible for induction of apoptosis; ii) JNK-mediated nuclear translocation of NFκB/p65 and its relation to overproduction of intracellular triglyceride (iTG) and cytokines IL-8 and IL-6; and iii) SF preparation protecting AML12 cells from PA-induced injury at least partially through inhibition of both JNK/Nox4 and JNK/NFκB pathways.
Materials and Methods
Cell culture and treatment AML12, a mouse hepatocyte cell line, was cultured at 37 o C with DMEM/F-12 medium (Gibco, Grand Island, NY, USA) supplemented with 10% FBS (Gibco), 1 x ITS (insulin/transferrin/selenium, Gibco), and 40 ng/ml dexamethasone (Sigma-Aldrich, St. Louis, MO, USA). Cultured cells were treated with different doses of bovine serum albumin (BSA)-complexed palmitic acid (PA, 0.1, 0.2, 0.4 mM) for various time periods (12, 24, 48 h) . PA was made as previously reported [10 -12] . Palmitic acid powder (Sigma-Aldrich) was then added to a 10% solution of fatty acid free BSA and dissolved to yield an 8 mM solution of palmitic acid complexed to BSA.
To assess the role of ShenFu (SF) preparation on PA-induced hepatocyte injury, AML12 cells were pretreated for 2 h with SF preparation (Ya'an Sanjiu Pharmaceutical Co., Ltd., Sichuan province, China), followed by 0.4 mM PA for 24 h in the presence of SF preparation. Three concentrations of SF preparation were used; Low (L, 25 μl/ml), Moderate (M, 50 μl/ml) and High (H, 100 μl/ml), respectively.
A selective inhibitor of JNK, SP600125 (final concentration 10 μM, sc-200635; Dallas, Santa Cruz, TX, USA), a novel Nox1/Nox4 inhibitor, GKT137831 (final concentration 0.2, 1 and 5 μM; No17764, Cayman Chemical, Ann Arbor, Michigan, USA), an IκB degradation inhibitor, BAY11-7082 (final concentration 10 μM; ab141228, Abcam, Cambridge, MA, USA), mitochondrial respiration chain inhibitor, antimycin A (AMA, final concentration 2.5 μM; A8674, Sigma-Aldrich), and ROS scavenger, butylated hydroxyanisole (BHA, final concentration 25, 50, and 100 μM; W218308, Sigma-Aldrich) were used in this study.
TUNEL assay
Apoptotic cells were revealed using DeadEnd™ Fluorometric TUNEL System (Promega, Madison, WI, USA). Cells were then cultured on coverslips and fixed in 4% PFA/PBS for 25 min at 4 o C, followed by permeabilization in 0.25% TritonX-100/PBS for 5 min at room temperature. Afterwards, 100 µl of Equilibration Buffer was added and incubated for 10 min. The fragmented DNA of the apoptotic cells was labeled at 37 o C for 1 h by addition of 50 μl of TdT reaction mix containing fluorescein-12-dUTP and the Recombinant Terminal Deoxynucleotidyl Transferase (rTdT) in a dark humidified chamber. The reaction was terminated by immersing the coverslips in 2 x SSC for 15 min. After 3 washes with PBS, coverslips were mounted using anti-fade mounting media containing DAPI (Invitrogen, Grand Island, NY, USA). Apoptotic cells labeled by the fluorescein-12-dUTP were directly visualized by fluorescence microscopy (Zeiss, Oberkochen, Germany). DAPI-stained nuclei indicate the total cell number. Twenty different fields of each sample were analyzed and the representative images were provided. The percentage of apoptotic cells relative to total cells was calculated and compared.
Triglyceride Colorimetric Assay
The intracellular triglyceride (iTG) level was assessed using a Triglyceride Colorimetric Assay Kit according to the manufacturer's procedure (Cayman Chemical). Cultured cells (1 x 10 7 each group) were collected using a rubber policeman, and then centrifuged at 1, 000 rpm for 5 min. The cell pellet was resuspended in 1 ml of cold diluted Standard Diluent, and sonicated 20 times at one second bursts. Afterwards, the supernatant was obtained by centrifugation at 10, 000 x g for 10 min at 4 o C. 10 µl of standard or sample (10 μg) was added to the designed wells in 96-well plate. Duplicate wells were used for each sample. The two wells containing Standard Diluent alone were used as the blank or background control. Thereafter, 150 µl of diluted Enzyme Mixture solution was added to each well. The plates were incubated for 15 min at room temperature followed by measurement of absorbance at 520 nm using a plate reader. The amount (μg) of iTG per 1 mg cellular protein was calculated. Three independent experiments were performed.
Enzyme-linked immunosorbent assay (ELISA)
Mouse IL-8, IL-1β, IL-6 and TNFα were measured in cell-free culture supernatants by highly specific ELISA kits according to the manufacturer's protocol (Bio-Source & ThermoFisher Scientific, Grand Island, NY, USA). For cytokines detection assay, AML12 cells cultured in 1% FBS were treated, and then the media was collected by centrifugation at 2, 500 rpm for 10 min at 4°C. 10 μl of supernatant was used to run ELISA assay. Three independent experiments and duplicate wells were performed. The value was read at OD450 nm and the value from the blank control was subtracted. The concentration of cytokines in samples was calculated based on the standard curve.
Immunoblot assay
For total cellular protein extraction, cells were lysed in 1X radioimmunoprecipitation (RIPA) buffer (20 mM Tris-HCl pH7.5, 150 mM NaCl, 1 mM EGTA, 1% NP-40, 1% SDS, 2.5 mM sodium pyrophosphate, 1 mM β-glycerophosphate, 1mM Na 3 VO 4 , and 1 μg/ml leupeptin) supplemented with 1 mM PMSF (Sigma- , and mouse anti-GAPDH (ab8245, 1 : 5, 000). After 5 min x 3 washes in TTBS, membranes were incubated with HRP-conjugated goat anti-rabbit (#31460, 1 : 10, 000, ThermoFisher) or goat anti-mouse IgG (#31430, 1 : 10, 000, ThermoFisher) for 1 h. The blots were developed using ECL chemiluminescence reagent (Pierce). The intensity of specific band was quantitated using Fiji-ImageJ-Win64 (Version 1.51s, NIH, USA).
JC-1 assay: MMP level detection
Cellular mitochondrial membrane potential (MMP) level was determined by using JC-1 MMP Assay Kit according to the manufacturer's instructions (Abcam). 2.5 × 10 5 cells were resuspended in 1 x Dilution Buffer. JC-1 was added at the concentration of 2.5 μM, and incubated for 30 min at 37 °C. Cells were washed once with 1 x Dilution Buffer and resuspended in 1 x Dilution Buffer. The plate was read at Ex475 ± 20 nm /Em530 ± 15 nm and 590 ± 17.5 nm. The signal at 590 nm (J-aggregate) and 520 nm (J-monomer) was recorded by using the Fluorescence plate reader (PerSeptive Biosystems, Cambridge, MA, USA). Data is expressed as the ratio of J-aggregate to J-monomer.
DCF assay: ROS level detection
Cellular reactive oxygen species (ROS) level was quantitatively measured using DCFDA Cellular ROS Detection Assay Kit according to the manufacturer's guideline (Abcam). 2 ×10 5 cells were plated in a 96-well plate and treated as the indicated. Following PBS washes, DCFDA was added at the concentration of 20 μM in serum free media, and incubated at 37 °C for 30 min. The cells were washed with phenol red-free DMEM media, and DCF fluorescence resulting from ROS-oxidized DCFDA was detected at 529 nm by using plate reader (PerSeptive Biosystems). Data are presented as fold change over control.
FFA uptake assay AML12 cells were treated for 24 h with SF preparation. Then, 5 x 10 4 cells were plated on 96-well plate for 6 h in serum-free medium containing SF preparation. Two wells with growth medium only were used as blank wells for data normalization. 100 μl of 1 x FITC-conjugated FFA (ab176768, Abcam) was added and incubated for 30 min. The fluorescence signal was measured with a fluorescence microplate reader at Ex 485 nm and Em 515 nm.
Statistical analysis
Data are shown as mean ± SD. Statistical analysis was performed by using One-Way or Two-Way ANOVA for comparing multiple groups (GraphPad Prism 4.0, USA). A p < 0.05 was considered significant. Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry 1C). Previously, increased iTG level within the same range was also reported in PA-treated HepG2 cell [16] .
Results

Injury of AML12 cells induced by PA is ameliorated by ShenFu preparation treatment
To reveal if SF preparation has a protective role in PA-induced AML12 injury, we applied low, moderate, and high doses of SF preparation to AML12 cells treated with 0.4 mM of PA for 24 h. TUNEL assay shows that PA-induced apoptosis was significantly decreased by both moderate and high doses of SF preparation ( Fig. 2A, B) , indicating that SF preparation protects 
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AML12 cells from PA-mediated apoptosis. Caspase 3, a frequently activated death protease, is required for some typical hallmarks of programmed cell death and/or apoptosis [9] . The activated/cleaved caspase 3 level was attained using immunoblot assay to further verify the protective role of SF preparation in PA-damaged AML12 cell. Compared to controls, the level of the cleaved form of caspase 3 was dramatically increased in PA-treated cells, whereas it was significantly inhibited by both moderate and high doses of SF preparation (Fig. 2C) . Bcl-2 is localized to the outer membrane of mitochondria, where it plays an important role in promoting cellular survival and inhibiting the actions of pro-apoptotic proteins [17] . Our results show that the abundance of Bcl-2 protein was decreased significantly in PA-treated cells in comparison with controls, which was prevented by high dose of SF preparation (Fig.  2C) . Moreover, increased iTG levels caused by PA was significantly prevented by both moderate and high doses of SF preparation (Fig. 2D ). These findings demonstrate that the application of SF preparation decreases PA-mediated AML12 injury, presenting with reduction of apoptosis and iTG levels. In this study, we also investigated if SF preparation could influence PA uptake. FFA uptake assay was then performed in AML12 cell in the presence or absence of SF preparation. Our data shows that high concentration of SF preparation decreased FITCconjugated FFA uptake, whereas uptake of FFA showed no difference between non-treated cells and the cells treated with either low or moderate concentration of SF preparation (Fig.  2E ).
ShenFu preparation decreases inflammatory cytokines production in PA-treated AML12
cells Inflammation due to the over-production of pro-inflammatory cytokines plays a critical role in the development of hepatocytes injury [7] . We explored the effect of high dose of SF preparation on cytokine levels in cultured AML12 cells treated with 0.4 mM of PA for 24 h. As compared with controls, the level of IL-1β, IL-6, IL-8 and TNFα was remarkably increased in PA-treated cells (Fig. 3A -D) . Nevertheless, only PA-induced overproduction of IL-6 and IL-8 was decreased by the application of SF preparation (Fig. 3B, C) .
PA-induced mitochondrial dysfunction is alleviated by ShenFu preparation treatment in AML12 cells
Mitochondrial function is assessed using JC-1 assay for the mitochondrial membrane potential (MMP) level [11] . In comparison with controls, MMP levels were decreased significantly in AML12 cells treated with 0.4 mM of PA for 24 h, indicative of mitochondrial dysfunction. PA-induced reduction of MMP levels was prevented by both moderate and high doses of SF preparation (Fig. 4A) . To analyze the alteration of mitochondrial proteins, different cellular fractions were isolated and verified by using the specific markers for mitochondrial, cytosolic, nuclear and total cellular proteins, respectively (Fig. 4B) . Immunoblot assay shows that compared to controls, the abundance of Nox4 both in the whole cell lysates and in the mitochondrial fraction was significantly increased, which was prevented by both moderate and high doses of SF preparation (Fig. 4C) . In our study, the level of mitochondrial NoxI showed no significant change in AML12 cells treated with PA alone or in combination with SF preparation (Fig. 4D) .
Routinely, mitochondrial dysfunction, particularly the increased Nox4, leads to oxidative stress [18] . Here, the reactive oxygen species (ROS) level was investigated using DCF assay. Our results show that in comparison with controls, the ROS level was increased dramatically in PA-treated AML12 cells, which was prevented by both moderate and high doses of SF preparation (Fig. 4E) . To verify the role of oxidative stress in PA-induced AML12 apoptosis, we depleted the production of ROS by an ROS scavenger, BHA in PA-treated cells (Fig. 4F) , and found that PA-induced apoptosis was dramatically decreased by BHA (Fig. 4G) , indicating that oxidative stress may be a predominant pathway in induction of apoptosis in PA-treated AML12 cells. We further tested if SF preparation decreased PA-induced AML12 injury directly as an antioxidant. The application of AMA, a mitochondrial complex III inhibitor, significantly increased ROS level, which was not affected by SF preparation (Fig. 4H) [19] . Consistently, the level of MnSOD and catalase decreased remarkably following PA treatment, which was prevented by both moderate and high doses of SF preparation (Fig. 4I, J) . Cellular Physiology and Biochemistry
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ShenFu preparation protects AML12 cells from PA-induced apoptosis through inhibition of JNK-Nox4 pathway
To further reveal the role of Nox4 in PA-induced AML12 injury, GKT137381, a novel Nox1/ Nox4 inhibitor, was applied since Nox1 did not show any change in our study. Increased ROS level by PA was significantly prevented by GKT137381 in a dose-dependent manner (Fig. 5A) . Importantly, the application of GKT137381 dose-dependently decreased the percentage of PA-induced apoptosis in cultured AML12 cells (Fig. 5B) . Unexpectedly, GKT137381 showed no significant effect on the production of iTG and the level of IL-8 and IL-6 in PA-treated cells (Fig. 5C, D) . Our data show that 5 μM of GKT137381 slightly prevented PA-induced increase 
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Cellular Physiology and Biochemistry of iTG levels (Fig. 5C ). These results imply that increased Nox4-mediated mitochondrial dysfunction and oxidative stress are mainly involved in PA-induced AML12 apoptosis. It was reported that the activation of JNK is responsible for Nox4 induction in human breast stromal cells [20] . Firstly, a time-dependent increase of phosphorylated JNK was rapidly detected after 5 min peaking at 10 min and persisting to 24 h in 0.4 mM of PA treated AML12 cells, which was significantly prevented by the application of SF preparation (Fig. 6A) . To investigate the role of JNK signaling in PA-treated cells, the activity of JNK was prohibited by SP600125, a selective JNK inhibitor (Fig. 6B) . Moreover, PA-induced apoptosis was significantly decreased by SP600125 (Fig. 6C) . The application of SP600125 also prevented PA-induced increase of Nox4 in cultured AML12 cells (Fig. 6D) . These results indicate that SF preparation may protect AML12 cells from PA-induced apoptosis through inhibition of JNK/Nox4-mediated mitochondrial dysfunction and ROS production. We also explored the role of oxidative stress on the activity of the JNK pathway by depletion of ROS with BHA in PA-treated AML12 cell. Unexpectedly, in PA-treated cells, increased phospho-JNK levels were remarkably inhibited by BHA (Fig. 6E) . BHA also prevented elevation of Nox4 induced by PA (Fig. 6F) .
ShenFu preparation decreases PA-induced intracellular triglyceride and cytokines production through inhibition of JNK-NFκB pathway
The effect of JNK pathway on iTG and cytokine levels was investigated by applying JNK inhibitor SP600125 to PA-treated AML12 cells. PA-induced increase of IL-8 and IL-6 was significantly prevented by SP600125 (Fig. 7A) . Similarly, increased iTG by PA was prevented by SP600125 (Fig. 7B) . It is well known that NFκB plays a critical role in cytokines production in various types of cells [20] . Firstly, we evaluated the level of cytosolic IκBα in PA-treated AML12 cells since degradation of IκBα promotes translocation of the NFκB/ p65 subunit from the cytoplasm to the nucleus where NFκB/p65 increases transcription as a transcriptional factor [21] . Immunoblot assay shows a time-dependent reduction of cytosolic IκBα after 5 min persisting to 24 h following PA treatment (Fig. 7C) . Consistently, a time-dependent increase of nuclear NFκB/p65 was detected in PA-treated cells (Fig. 7C) . Interestingly, PA-induced reduction of cytosolic IκBα and increase of nuclear NFκB/p65 was dramatically prevented by the application of SF preparation (Fig. 7C) .
To further investigate the role of NFκB signaling, nuclear translocation of NFκB/p65 was blocked using BAY11-7082, a potent IκB degradation inhibitor (Fig. 7D) . The application of BAY11-7082 prevented an increase of IL-8 and IL-6 in PA-treated AML12 cells (Fig. 7E) . Increased iTG level by PA was also prevented by BAY11-7082 (Fig. 7F) . Nevertheless, the application of BAY11-7082 showed no significant effect on PA-mediated apoptosis (Fig. 7G) . ROS levels were slightly decreased by BAT11-7082 in PA-treated cells (Fig. 7H) . Therefore, these results indicate that SF preparation may decrease PA-induced cytokine and iTG production mainly through inhibition of JNK-mediated nuclear translocation of the NFκB/ p65 subunit.
Discussion
Hepatocyte injury induced by PA, a common NASH model, is primarily used to investigate the molecular mechanisms by which hepatocytes are damaged and hepatic steatosis develops. As previously reported [6, 10, 11] , we reproduced this model in cultured murine hepatic AML12 cells, and investigated if the traditional Chinese medicine SF preparation has a protective role in this model.
PA increased the level of activated caspase 3, a critical caspase protein that plays a key role in induction of apoptosis both by extrinsic (death ligand) and intrinsic (mitochondrial) pathways. Induction of apoptosis was also detected in PA-treated cells. It was reported that SF preparation has obvious protective effects on cardiomyocytes against hypoxia/ reoxygenation-induced apoptosis probably through inhibition of Bcl-2 downregulation Cellular Physiology and Biochemistry
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and sequential activation of caspase 3 [15] . In our study, the application of SF preparation dramatically suppressed PA-mediated cellular apoptosis. Increased caspase 3 activity and reduced Bcl-2 levels by PA were prevented in the presence of SF preparation. Some investigations demonstrated that lipid accumulation induced lipotoxicity involved FFAinduced hepatocytes injury, another cellular hepatic steatosis model [22] . We found that PA significantly increased iTG content, which was prevented by SF preparation. In addition, we detected overproduction of pro-inflammatory cytokines IL-6, IL-8, TNFα, and IL-1β in PAtreated cells. Nevertheless, addition of SF preparation only decreased the levels of IL-6 and IL-8 in PA-treated cells. In FFA-treated HepG2 cells, the level of IL-6, TNFα, and IL-1β was also increased [23] . It was reported that the serum levels of IL-8 and TNFα were significantly higher in NASH patients than in healthy controls [24] . Thus, cytokine-mediated inflammatory responses may play an important role in hepatocyte injury and the development of NASH. Overall, our findings suggest that SF preparation has the ability to decrease PA-induced AML12 injury. However, further studies should be done to determine whether or not SF preparation could prevent lipotoxicity by blocking fatty acid uptake. Our results show that only high concentrations of SF preparation decreased FFA uptake in AML12 cells, implying that inhibition of FFA uptake may not be the major role of SF preparation in preventing hepatocyte injury. Apoptosis occurs frequently in NASH and is associated with the progression of liver fibrosis [8] . Nox4, a member of the NOX family of NADPH oxidases, is responsible for the production of large amounts of ROS [20] . It was reported that Nox4-dependent ROS modulation can induce apoptosis in high Nox4-expressing cancer cells [18] . In our study, increased ROS was detected in PA-treated AML12 cells. Depletion of ROS by BHA, a ROS scavenger, dramatically blocked PA-induced apoptosis, suggesting that ROS represent the main inducers of necrotic cell death induced by PA in AML12 cells. We isolated different cellular fractions including mitochondrial, cytosolic and nuclear. Immunoblot assay shows that mitochondrial Nox4 abundance increased significantly in PA-treated cells, accompanied by the reduction of MMP levels and elevation of ROS production. Nox4 mRNA level was also upregulated in PA-treated HepG2 cell [25] . In the liver tissue of obsess mice, TGFβ is increased, leading to upregulation of Nox4 [26, 27] . Reduced MMP and elevated ROS levels were also described in treatment of primary rat hepatocytes with PA [10] . In our study, we further assessed the level of MnSOD and catalase, which are important enzymes in protecting the cell from oxidative damage by ROS [19] . We found that MnSOD and catalase protein levels were reduced remarkably by PA treatment. Furthermore, inhibition of Nox4 by GKT137381 significantly decreased ROS and apoptosis in PA-treated cells, while showing no significant influence on the iTG and cytokine levels. These results indicate that increased Nox4 by PA is only related to mitochondrial dysfunction that is responsible for the increase of ROS and apoptosis. Interestingly, addition of SF preparation prevented reduction of both MMP and MnSOD/catalase levels, and inhibited increase of Nox4. The beneficial role of SF preparation against PA-induced AML12 injury may be achieved through downregulation of Nox4 expression.
NFκB is a protein complex that controls transcription of DNA, cytokine production and cell survival [21] . Abnormal regulation of NFκB signaling has been linked to the occurrence and development of cancer, inflammatory and autoimmune diseases. In PA-treated AML12 cells, the NFκB/p65 subunit was translocated to nuclei which accompanied a decrease of cytosolic IκBα. A substantial increase of NFκB activity was also reported in PA-treated HepG2 cells [28] . In cytosol, IκBα binds to and stabilizes NFκB/p65, thus suppressing its nuclear translocation [21] . We applied an IκB degradation inhibitor, BAY11-7082, that efficiently prevented nuclear translocation of NFκB/p65. We found that NFκB inhibition also suppressed PA-induced increase of iTG and cytokines IL-6 and IL-8, while showing no influence on apoptosis and ROS. These findings suggest that NFκB signaling plays a crucial role in PA-mediated overproduction of iTG and cytokines. SF preparation protected rat liver grafts against ischemia-reperfusion injury, possibly by decreasing the level of TNFα and nuclear NFκB [29] . In PA-treated AML12 cells, addition of SF preparation also inhibited Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry activation of NFκB signaling, presenting with reduction of nuclear NFκB/p65 and inhibition of cytosolic IkBα degradation. It was found that activation of JNK signaling is responsible for Nox4 induction in human breast cancer cells [20] . It was also reported that in both squamous cell carcinoma cells and melanoma tumor cells, chloroquine enhanced NFκB activation leading to increased expression of its target genes such as hypoxia-inducible factor (HIF-1α) and IL-8 through JNK signaling [30] . Moreover, PA-induced IL-8 production was attenuated by inhibition of JNK and NFκB in HepG2 cells [28] . In the current study, time-dependent over-activation of JNK was detected in PA-treated AML12 cells, and inhibition of JNK by SP600125 substantially suppressed PA-mediated increase of Nox4. SP600125 also decreased apoptosis and the level of iTG and cytokines IL-8 and IL-6. Therefore, our findings imply that Nox4 is responsible for increasing ROS potentially via JNK signaling. Conversely, increasing amount of evidence suggests that increased ROS could enhance JNK activation [31] . We thus tested the effect of ROS on JNK activity in our model, and found that inhibition of ROS by BHA decreased the level of phospho-JNK and Nox4 protein, indicating that ROS may mediate feedback activation of the JNK pathway in PA-treated cells.
Of note, the application of SF preparation suppressed PA-induced over-activation of JNK and nuclear translocation of NFκB. To confirm the protective role of SF preparation in PA-induced AML12 injuries by inhibition of JNK pathway, it would be better to perform experiments in JNK deficient hepatocytes. Additionally, it was reported that activation of p38MAPK also contributed to NFκB activation and mitochondrial protein Cox-2 upregulation in PA-treated AML12 cells [32] . In rats, SF preparation protected hepatic tissue from ischemia-reperfusion injury by decreasing the ratio of thromboxane A (2) and prostacyclin, and increasing the activities of Na [33] . To further reveal and verify the protective mechanism of SF preparation, the role of JNK and other potential signaling pathways needs be further evaluated in future studies. Our current findings suggest that SF preparation may attenuate PA-induced hepatic apoptosis, lipogenesis and excessive cytokine production at least partially by inhibition of JNK/Nox4 and JNK/NFκB pathways, respectively.
Finally, we tested if SF preparation directly acted as an antioxidant in protecting PAinduced AML12 injury. We applied AMA, a mitochondrial complex III inhibitor that can aberrantly increase superoxide production [34] . As previously reported [35] , treatment of AML12 with 2.5 μM AMA significantly increased ROS level. Nevertheless, addition of SF preparation showed no obvious effect on AMA-mediated ROS production. This result may be able to exclude the role of SF preparation as a direct antioxidant.
Conclusion
Taken together, we provide new molecular insights into the protective mechanism of SF preparation on hepatic cell injury. Nevertheless, it should be noted that commercial SF preparation was used in this study. It has been recognized that aconitum alkaloids and ginsenosides are the main active components in SF preparation [13, 14] . Yang et al. identified 23 trace diterpene alkaloids, 19 ginseng saponins, one panaxytriol, and one 5-hydroxymethylfurfural in SF preparation, and quantitated that the total concentrations of saponins and alkaloids were about 676 -742 μg/mL and 3 -7 μg/mL in five batches of SF preparation samples, respectively [13] . The limitation of our work might be that we did not evaluate the effect of individual components of SF preparation on PA-induced hepatocyte injury. This is a common issue for most traditional Chinese herb medicine. In addition, we are planning to do some in vivo studies to investigate the correlation of JNK/Nox4 and JNK/ NFκB pathways in rat or mouse NASH models treated with SF preparation. Thus, we may determine whether SF preparation could be a good therapeutic strategy for the treatment of hepatic cell injury in NASH.
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